Saving and Demographic Change: The Global Dimension
Barry Bosworth and Gabriel Chodorow-Reich The Brookings Institution A decade ago, research on the impact of population aging on public and privatesector saving generated widespread concern about a growing scarcity of saving in the global economy, with its attendant pressures for rising real interest rates. Institutions such as the World Bank and the OECD issued reports focused on what they perceived to be a looming crisis. Today, the attention of government policymakers has turned to the notion of a glut of global saving (Bernanke, 2005) . Such a shift of emphasis seems particularly surprising from a U.S. perspective where the public discussion has focused on an ongoing decline of private saving and the re-emergence of large budget deficits.
Certainly, the United States is not plagued by an oversupply of saving. The absence of saving in the United States, in conjunction with strong domestic investment opportunities, has created an unprecedented large current account deficit --$800 billion in 2005, and still growing. The U.S. has emerged as the world's largest debtor nation by a wide margin.
However, while one can be astounded by the size of the U.S. deficit, the ease with which it has been financed at the global level is equally surprising. Thus, there are two perspectives on the global saving imbalance: Why is there a large saving shortfall in the United States, and why is there such a large excess in the rest of the world? Furthermore,
given that this has all occurred against the backdrop of low real interest rates around the globe, it can be asserted, as Bernanke did, the greater puzzle is the excess saving in the rest of the world. Bernanke went on to attribute the saving surplus to demographic change, or more accurately the anticipation of future population aging and its attendant retirement costs, in the industrial countries. In this view, high saving today results from the early phase of a demographic change that will impose a cycle of surplus followed by a substantial decline in saving at the global level.
This paper examines recent changes in the balance of saving and investment from a global perspective and examines the link between the changes in the balance across major regions and demographic changes in the age structure of the population. While
Bernanke and others have emphasized the role of demographic change in first promoting and then depressing rates of national saving in industrial countries, we show that the more pervasive changes have been in declining rates of investment in both industrial and developing countries. We have constructed a panel data set covering 85 countries over the period of 1960 to 2005 to examine the influence of demographic change on rates of saving and investment. While similar exercises have been previously reported in the literature, we have expanded our data set to distinguish between public and private rates of saving. Thus we can analyze the impact of demographic changes on public budget balances, private saving, investment and their net impact on the external balance.
Our primary conclusion is that we can identify significant demographic effects on national saving and government budget balances at the national level. However, the demographically-induced fall in saving within the industrial economies will be less disruptive than often assumed because of a similar offsetting decline in investment requirements. Second, the rapid development of a global capital market provides an important means of accommodating the change. Japan is an example of a country that has built up a very large net foreign investment position that can be used to finance future consumption. While the United States has followed a different path, its residents still have large wealth holdings that can be sold off in future years to finance continued consumption. Third, to date the influence of demographic change on both saving and investment has been very modest. Thus, its effects have been dominated by other developments in the global economy. It is not a significant factor behind the recent emergence of global saving-investment imbalances.
The following section provides an overview, at the level of major regions of the world, of recent trends in saving and investment that addresses some of the concerns raised by Bernanke. Section two introduces the role of demographic influences on both saving and investment and the methodology that we used to evaluate empirically the linkages between demographic change and national rates of saving and investment. We also provide a brief summary of the data set and the methods used to construct it. Our basic empirical results are reported in section three, and the concluding section uses the empirical results to evaluate the importance of demographic change as an influence on current and future rates of saving and investment across major regions of the world.
Global Patterns of Saving and Investment
At the global level, national patterns of saving and investment are linked through a simple accounting identity in which the difference between national saving and investment is equal to the external balance with the rest of the world, the current account:
(1) . I S CA Furthermore, absent errors and omissions, the sum of the current accounts across all economies should equal zero. Thus, the deficits of some countries will be offset by surpluses of others. Prior to the 1970s, current account imbalances were strictly limited, as most economies operated as closed systems. With the emergence of large scale crossborder capital flows, countries have become capable of financing increasingly large imbalances on a sustained basis.
The dichotomy in the world economy between the external position of the United States and everyone else is highlighted in table 1, which shows the current account balances for major regions of the world economy over the period of 1980-2005, providing a simple summary of the magnitude and distribution of the saving-investment imbalances. The United States clearly stands out for the size of its recent deficit, which is matched by surpluses in all other regions of the globe. At the same time, Europe's surplus has declined since the mid-1990s, and Japan's surplus has remained basically unchanged for nearly a quarter of a century. Similarly, little has changed in Latin America. The offsets to the increased U.S. deficit are the appearance of large surpluses in the emerging economies of Asia and the oil-producing economies of the Middle East.
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Given the rise of oil prices, the surge of saving within the oil-producing regions is not a surprise, but the sudden emergence of a large excess of saving over investment in Asia is less expected.
We can get a clearer picture of the evolving balances by focusing separately on the changes in rates of national saving and investment. The U.S. balance, shown in figure 1, is dominated by an ongoing decline in the national saving rate that began back in the 1980s. Some of the recent drop can be traced to the re-occurrence of sustained negative saving in the public sector, but the household saving rate has continued to fall, and on a net basis (excluding depreciation) it turned negative in 2005. Only corporate saving has held up in recent years, as profits soared after the 2001 recession. The large capital gains over the past two decades in equity markets and housing are undoubtedly part of the explanation for the reduced saving; but the correlation has not been very close --the saving decline preceded the boom in equity markets and saving has shown no signs of recovery after the 2001 stock market crash.
On the other side of the accounts, the United States continues to offer very good investment opportunities --superior to those of most other industrial countries --and the investment rate shows no secular pattern of decline comparable to that for saving. The combination of good investment opportunities and very little domestic saving with which to finance them has translated into an ever-growing reliance on the net inflow of resources from abroad. While the degree of reliance on foreign financing is unprecedented, it has been achieved with relatively few strains because foreigners also perceive the United States as offering very attractive investment opportunities. The primary cost is that the strong demand for dollar-denominated assets has kept the value of the dollar at a high level and greatly weakened the ability of U.S. firms to compete in global markets.
Bernanke argued that the low U.S. saving has been offset by an increase in global saving, including in other industrial countries; and he emphasized demographic changes as a primary source of the increase.
2 However, as shown in figure 2, rates of both saving and investment have steadily fallen in the industrial countries, excluding the United
States. In fact, the greatest contrast with the experience of the United States is actually on the investment side. Rates of investment have fallen in both Japan and Europe, compared to the stability of the U.S. rate. This is undoubtedly due to their weak growth in recent 2 The argument that the demographic factors are currently creating a substantial surplus of saving over investment has been argued by Brooks (2002) and MGI (1994) .
decades. With parallel declines in their rates of saving and investment, Europe and Japan have experienced very little change in the net external balance.
Some of the decline in saving within the other industrial countries can be attributed to deterioration in the public sector balance that is even more pronounced than in the United States. Many of these countries formerly used strong public saving to supplement the private sector and support efforts to catch up to U.S. living standards.
When they encountered economic problems in the 1980s (Europe) and 1990s (Japan), the surpluses disappeared. The result is that the rates of national saving and investment in other industrial countries are gradually declining toward those of the United States.
As the figures make clear, the United States has long been a nation of relatively low saving. In the past, however, the low saving was not particularly damaging to economic growth. Americans saved less, but invested the capital very efficiently. In part, this can be traced to highly developed capital markets and a minimum of government interference in the allocation of saving.
The most striking increase in the S-I balance is in emerging Asia. As shown in figure 3, these are countries that have had high and rising rates of saving. It also appears that those high saving rates were concentrated in the private sector, since the governments generally avoided large budget surpluses or deficits. Several explanations have been put forth for this pattern of saving behavior. The sharp decline in birth rates has lowered the child dependency rate and encouraged adults to save for retirement since they can no longer simply rely on their children. Many of these countries have underdeveloped public retirement systems. Second, high growth creates a virtuous circle in which rapid income growth makes it easy to save at the same time that one's standard of living is improving, and the high saving feeds back through capital accumulation to promote further growth. This explanation received additional support when saving rates actually fell for a time after the Asian financial crisis, when growth slowed. Third, it is argued that some Asian countries have traditions of strong intergenerational linkages that may serve to promote dynastic saving and a longer-term perspective on wealth accumulation.
More importantly, the shift in the S-I balance within Asia can be traced primarily to changes on the investment side. The 1997 financial crisis had its greatest impact on investment spending, which fell precipitously; and, although these economies have recovered to a large extent, the rate of investment has not been restored to pre-crisis levels, even after the passage of nearly 10 years.
Overall, the surprise at the global level is that the story appears to be one of weak investment, rather than the rise in saving hypothesized by Bernanke. Also, this initial presentation does not seem supportive of a view of demographic change as a major factor in the recent developments, given the general declining pattern within the industrial countries, which should be preparing for large retirement cost increases in the near future.
We will explore this aspect in a more systematic fashion in the following sections.
Modeling Demographic Change
Most of the world's societies are in the midst of substantial demographic transitions induced by sharply lower rates of fertility and mortality. However, there is a great diversity across countries and regions. And because the economic effects differ at various stages of the process, demographic change has had widely varying economic and social consequences.
The industrial countries have experienced low rates of fertility for several decades and have achieved relatively high life expectancy. Consequently, they are most concerned with what they perceive as the economic burden of providing for a rapidlyaging, non-productive elderly population. The standard life cycle model yields a straightforward prediction that national saving will fall in response to population aging.
Similarly, the negative effects on investment follow from the neoclassical model of economic growth in which the sustainable rate of growth of the capital stock is determined by the combination of growth in the labor force and labor-augmenting technical change. A slowing of growth in the labor force therefore implies a lower rate of investment. Thus, an aging population will face a reduced need to devote resources to capital accumulation.
The developing world is at an earlier stage in the demographic transition associated with substantial potential near-term benefits. The population of working age is still growing rapidly, and reductions in the youth dependency rate provide the opportunity to raise rates of saving and capital accumulation. Lower rates of mortality among the young and middle-aged also imply increased returns from investments in education and other forms of human capital.
These differences in the demographic situations of the rich industrial societies and the developing world will have important implications for the future development of economic interactions between the two regions. Some analysts believe that the consumption needs of a large retired population will drive down saving in the rich industrial economies and create a global capital shortage at a time of surging investment needs in the developing world (OECD, 1996) and MGI, 1994 and 2004) . Others foresee an opposing scenario in which a slowly growing or even declining population of working age leads to large declines in required investment within the industrial economies, creating a glut of saving and economic stagnation (Cutler and others, 1990) . If rates of saving decline faster than investment in the aging industrial societies they will become more dependent on the rest of the world, leading to resource transfers from poor countries to support the consumption of the rich. Thus, while there is general agreement that the aging of the population in industrial countries will slow the overall pace of economic growth and lower rates of saving and investment, the quantitative magnitudes of the declines in saving and investment as well as the relative timing of each decline remain matters of sharp debate.
The macroeconomic consequences of population aging have been explored in a series of conceptual studies. Cutler and others (1990) examined the issue of population aging in a closed-economy model in which the reduced investment associated with lower labor force growth determines the profitability of saving. They concluded that the future economic costs of a rising aged-dependency rate could not be offset by increases in current saving because it would lead to a perpetual fall in the rate of return to capital. In fact, they argued that the optimal social response to population aging that takes the form of lower rates of labor force growth is to reduce saving and increase current consumption.
This somewhat paradoxical result follows from two assumptions. First, increased longevity is assumed to offer no utility beyond the opportunity to consume over a longer period of time: there is no tradeoff between consumption and leisure. 3 If the increased longevity is primarily absorbed as increased time in retirement, there is no increase in income; more years of consumption must simply be offset by a lower average rate of consumption. Second, they assume that society has already optimized its saving in equilibrating current and future benefits of consumption. Thus, any effort to raise current rates of saving and investment in anticipation of increased retirement costs drives down the rate of return to capital, negating any gains. Furthermore, if we assume that the consumption of the young is as good as the consumption of the old, there is also no social benefit of transfers from the young to the old.
More relevant to our interests, Attanasio and Violante (2000) examine the implications of demographic change in an open global economy with full capital mobility. Specifically, they model the change within the context of two regions that are designed to be representative of the aging high-income countries and a young developing region like Latin America; and they do not assume that the world is in equilibrium. They conclude that the disparities in demographic trends create substantial opportunities for joint gains because the ability to move capital to the developing region slows the decline in its return within the developed region. Similarly, Bryant (2006) argues that crossborder capital flows can be important in mitigating some of the economic consequences of asymmetric demographic changes in industrial and developing economies.
The empirical aspects of the linkage between demographic change and the balance of national rates of saving and investment have also been explored in several studies. 4 We have based our analysis on the methodology employed by Higgins (1998) , which has many antecedents in the literature. The basic postulate is that rates of saving and investment are explained by a set of country-specific economic factors that change over time (X), factors that are largely time-invariant but vary across countries (C), and the age structure of the population (P):
The cross-national research has identified two primary economic determinants of saving, the level and rate of growth of income per capita. 5 We also include life expectancy as a proxy for the length of the planned retirement period. The age structure of the population is represented by the proportions in each 5-year age bracket. Given the high degree of collinearity among the demographic terms, Higgins imposed a plausible constraint of smoothness on the age-saving profile by assuming that the coefficients were distributed along a 3 rd order polynomial, a technique first employed by Fair and Dominguez (1991) . We have done the same, but because of a concern that the method may imply overly extreme weights for the very young and very old, we limited the younger group to everyone under age 15, and an older group of everyone over age 70.
We also did the analysis using two simple categorical variables that represented the ratio of those under age 15 to those of age 15-64 (youth dependency rate), and the ratio of those age 65 and over to those of age 15-64 (aged dependency rate).
Our data set incorporates information on 85 countries, extending over the period 
Empirical Results
Because the data set has a significant time dimension (8 observations), we can control for the influence of some country-specific socio-economic factors by using fixedeffects estimation. That is, the intercept is allowed to vary for every country, but they have common slope coefficients. The age profile is thereby assumed to be the same across all countries. We explore the potential for variation in the slope coefficients in a limited way by estimating separate regressions for groups of countries based on the phase of economic development or region. We also estimate a version with fixed time effects in which differences in the X's and the age distribution are assumed to account for the cross-national differences in rates of saving and investment.
Time Dimension. The time series estimates for national saving and investment rates of all 85 countries are reported in column (1) of table 2. We show the categorical variable version initially because the age coefficients have a direct interpretation. Income growth, current and lagged, is highly significant and there is a very strong correlation of the demographic age structure with both saving and investment. 7 Reductions in youth and aged-dependency both raise the rate of saving and investment; but changes in the aged-dependency rate have much larger effects.
The significance of the demographic effects varies across regions, however. Both demographic variables are not statistically significant at the 0.05 level for the industrial countries, and the effect of the aged dependency rate is empirically small. In contrast, the terms are large and highly significant for the Asian economies. The results for Latin America are intermediate between the industrial and Asian economies, but with limited statistical significance. The correlations are even weaker for the residual group of largely African countries. However, if the analysis is done for all countries except Asia (column 6), the coefficients on the age variables are highly significant and close to those reported 7 While the inclusion of current income growth among the set of regressors does raise some concern about estimation biases, its exclusion has no discernable effect on the age coefficients.
for the full sample. Thus the evidence of significant demographic effects extends beyond Asia.
The variability of the demographic effects is equally evident in the versions that represented the age-saving profile with a polynomial. The regressions are reported in appendix B, and they are very similar in terms of overall statistical fit to those reported in table 2-in fact, there is little to suggest preferring one specification over the other. 8 The graphical representation of the estimated age profiles are presented in figure   4 . As shown in panel A, the global average of all 85 countries yields a highly significant hump-shaped age profile for both saving and investment. It is also noteworthy that the peak of the investment profile occurs well before that of saving, an expected result if the initial entrance into the workforce induces an increased demand for capital. The highest saving rates are associated with the population aged 40-50. As reported for the categorical regressions, however, the age profiles for the industrial countries indicate very modest effects of demographic change on both saving and investment (panel B) -the age profiles are very flat. In fact, the age profile for investment is inverted, implying rising investment rates are associated with the very old and the very young. Again, the strongest evidence of demographic effects comes from the results for the Asian countries (panel C).
9
Cross-national Dimension. The cross-national variation in the data is far greater than in the time series. In particular the variation in the age structure of the population across nations is larger than the change that we observe over the 25-year period for any of the regions. However, it is very likely that the variations in rates of saving and investment reflect differences in determinants other that the demographic or identified economic factors. If these unidentified factors are correlated with the demographic variables, the estimates of the age effects will be biased. In addition, a focus on the cross-national variation reduces the ability to explore the regional differences. Still, estimates based on controlling for the time effects may be a useful check on the robustness of the prior results. Table 3 displays the estimates from the fixed-effects estimation that suppresses the time dimension and focuses on the cross-national differences. Again, we emphasize the categorical formulation because of the ease of interpretation, but the results with the polynomial formulation are reported in the appendix. We added the level and square of per capita income to avoid an unwarranted attribution of the higher saving rates of the wealthier countries to demographics. In addition, we found a consistent positive association between increased life expectancy and higher saving. Most surprising, the estimated age profiles from the cross-national estimation are virtually identical to those reported for the times-series. The similarity of the age effects is evident in a comparison of tables 2 and 3; and, for the total of all 85 countries and the subgroup of Asian countries, the plots of the age profile obtained from the polynomial version are indistinguishable from those shown in figure 4 . The difference between the two estimates is somewhat larger for the industrial countries and Latin America.
Current account implications.
Our presentation of separate statistical relationships for saving and investment assumes a degree of external openness that may not exist for many countries in our sample -particularly for the period extending back into the 1960s and 1970s. Feldstein and Horioka (1980) noted the extremely high correlation between national rates of saving and investment, and interpreted it as implying that saving and investment were not independent of one another. In such a closed economy situation, saving and investment would be forced to move together.
In order to shed some light on this issue, we estimated a set of regressions using the current account as the dependent variable. The result, of course, is equivalent to computing the difference between the coefficients of the saving and investment equations, but the procedure provides a simple measure of significance. 10 The age profiles for the total sample, the industrial countries and Asia are shown in figure 5. All three have the expected humped distribution for the age profile and the F-tests for the age coefficients are significant at the 0.01 level or above for the total sample and the regional groupings other than Latin America.
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Public sector. We also gathered information on the overall balance of government budgets and a measure of the surplus on current government transactions that is consistent with the concept of saving used in the national accounts. Much of the cost of population aging is expected to fall on the public sector. Thus it would be useful to know the extent to which the prior finding of a demographic effect on national saving can be associated with the public sector budget versus private saving behavior.
For the government budget balance, we obtained data for 80 countries from the
International Financial Statistics for a total of 498 5-year periods. The regression results for the polynomial version are presented in appendix B, but the basic results are summarized in figure 6 . Again, the age profile is positive, indicating that a concentration of the population in the prime working years is associated with strong budget surpluses, and an increase in the dependency rate is reflected in a shift toward deficits. However, the magnitude of the effects is quite small, even though the F-test for the age coefficients (shown in the appendix) indicates significance at the .001 level for all the country groups.
Surprisingly, the effect is most pronounced for the Asian economies.
Finally, for a smaller group of 40 industrial (22) and emerging market (18) economies, we obtained measures of government saving that make it possible to distinguish between the effects of demographic change on public and private sector saving. The age profiles for the total, industrial, and emerging market economies are shown in figure 7 . The parameters are statistically significant for the overall group of 40 countries and the industrial economies, but they are insignificant for the emerging market group. While all three profiles have the expected humped age pattern, the size of the effect is quite modest in an economic sense. On the other hand, the age effects for private saving, shown in figure 8 , are large and significant for the total sample and emerging markets; but, as with the original estimates of national saving, they are modest for the industrial countries.
11 In a later version of the paper, we plan to explore more fully the issue of correlation between the error terms of the saving and investment equations.
Overall, the regressions, including the demographic variables and income change, account for a large portion of the change in saving within Europe over the period; they predict an even larger decline for Japan than actually occurred; and they capture none of the change within the United States. The demographic factors also explain much of the change within Asia, where saving is predicted to rise in the 1980s
and level out after the mid-1990s. Of course, they are not responsible for the large decline in saving and investment after 1997 (figure 3) that was initiated by the Asian financial crisis, and the strong post-2002 recovery.
Future Implications
The economic significance of demographic changes for saving and investment can be highlighted by using the age profiles of the prior section to construct indexes of the effects of past and future demographic change for individual countries. Those indexes are shown in figure 9 for three countries: the United States, Japan, and Europe.
We constructed two alternative indexes using the age profile coefficients from the regressions for the average of the industrial countries and for the average of all 85 countries. We also benchmarked the indexes for each country to the values of saving and investment in 2000.
The first notable result is that the range of potential effects remains very large.
Based on the magnitude of the age profile obtained from the industrial country subsample, for example, demographic change implies very modest future changes in U.S.
rates of saving --a decline of about 2 percent of GNI between now and 2050. On the other hand, the weights obtained from the full 85-country sample indicate the potential for a much larger drop equal to 10 percent of GNI. The range of potential outcomes is even greater for Japan and Europe because the magnitude of their future changes in the population age structure is projected to be more substantial than for the United States.
The results for the investment rate are more difficult to interpret because the estimated age profile from the industrial country sample was inverted. Thus, the projected investment rate actually rises slightly in future years, while the global weights Third, the large divergence between the future rates of saving and investment implies that all three industrial country groups will be experiencing large current account deficits in future decades as they sell off assets to support consumption. For some developing regions of the world, such an outcome would be welcomed as they will be at an earlier stage of the demographic transition with a younger population and high domestic rates of saving. In addition, large exports to the developing regions would create a strong impetus to their own growth. However, external imbalances of the implied magnitude may not be sustainable on a long-term basis. There are political as well as economic problems with a sustained sell-off of national assets.
Conclusion
Overall, the empirical analysis has yielded consistent evidence of significant effects of demographic change on rates of saving, investment and the current account.
The results on surprisingly similar in our panel data set when viewed from either the time or cross-national perspective. The influence of demographics is also evident in measures of both public and private saving. The analysis is also invariant in implying that the quantitative magnitude of the effects are small for the industrial countries, particularly in contrast with the strong demographic influences that we found for the Asian economies.
Contrary to the expectations expressed by Bernanke (2005), we do not find evidence that demographic change is currently exerting a positive effect on saving in the industrial countries. Instead, population aging has proceeded to a point which it is a consistently negative influence. Finally, while we do find evidence that the age structure of the population is an important long-run determinant of national saving, it changes very slowly, and in the short run its effects are easily overwhelmed by other factors. Source: Author's calculations as described in Appendix A.
Source: Author's calculations as described in Appendix A.
Source: Author's calculations as described in Appendix A. Table B1 and authors' calculations as described in text. Coefficients computed based on regressions of saving (investment) as a share of GNI on real GDP growth, lagged GDP growth, and a third-order polynomial approximation of the age distribution. All variables are converted to non-overlapping five-year averages. Table B2 and authors' calculations as described in text. all polynomial oecd polynomial oecd categorical
